We studied a group of 54 children with Burkitt's lymphoma from Southeastern Brazil, where epidemiological status of Burkitt's lymphoma is poorly understood. Epstein-Barr virus association showed an intermediate frequency (~60%) between endemic and sporadic subtypes. Median age was five years. Epstein-Barr virus infection was significantly associated to low age (Epstein-Barr virus + four years vs. EpsteinBarr virus -eight years). Sex ratio (M:F) was 2:1, with a significantly higher number of males in old age classes. Young age at diagnosis and excess of males at older ages, as well as a causal relationship between low age, epstein-barr virus and Burkitt's lymphoma risk, may characterize Burkitt's lymphoma in Brazil.
Introduction
Burkitt's lymphoma (BL) shows marked variation across different geographical regions with respect to age-specific incidence, primary tumor site and association with EpsteinBarr virus (EBV) infection, 1 which characterize the endemic (eBL) and sporadic (sBL) subtypes. 2 eBL is almost always EBV-associated while sBL shows only 10%-30% EBV association. 1 Descriptions of BL outside endemic and sporadic regions allow for a progressive identification of world areas where BL exhibits specific characteristics and intermediate incidence. 3 An alternative classification to the standard types, based on three different epidemiological conditions, considers: (i) BL in areas of high risk or incidence (endemic), (ii) BL in areas of low risk or incidence (sporadic cases in USA, Northern and Eastern Europe, and Japan), and (iii) BL in areas of intermediate risk or incidence (Northern Africa, the Middle East, and northern and central regions of South America). 3 BL in Brazil might be included in this third subtype, 4, 5 although the epidemiological status of BL, in a geographically extensive and heterogeneous country like Brazil, remains poorly understood. We report a study of 54 children with BL in Southeastern Brazil and analyse their clinicopathological characteristics and EBV association.
Design and Methods

Patients and pathology samples
Fifty-four children (up to 16 years old), diagnosed with BL at the Instituto Nacional de Câncer (INCA), Brazil, between 1992 and 2004, were included in this study based on availability of pathology specimens and clinical records, following approval by INCA´s Ethics Committee. The clinical characteristics of 29 patients have been previously described. 5 Histopathological diagnosis was performed according to the WHO classification. 2 Statistical analyses were based on non-parametric methods and a p value <0.05 was considered significant.
EBV diagnosis and genotyping
Infection was diagnosed by EBERs in situ hybridization. 6 DNA was isolated from biopsies and from paraffin-embedded 
Results and Discussion
Demographic characteristics
BL was diagnosed in 50 immunocompetent patients and in 4 patients with AIDS (AIDS-BL) ( Table 1) . Age distribution (median 5 years, range 2-14) showed 42.5% of the patients in the 0-4 year age class, 42.5% in the 5-9 class, and 15% in the 10-14 class, indicating predominance of young children, with 54% equal to or greater than the median age. A similar age distribution was observed in 52 children from Bahia (Northeastern Brazil), 8 suggesting that it might be characteristic of pediatric BL in Brazil.
In high risk areas, BL is a pediatric disease, with most cases in Equatorial Africa occurring in the 5-9 year ageclass although in Europe, childhood cases are equally distributed among different age classes.
9,10 A compilation of studies comparing BL median age from different regions showed an estimate of 6.1 years in Africa against 19.2 years in North America. 9 In the Middle East and Brazil, median ages were similar to those observed in Africa, 4, [8] [9] [10] [11] [12] [13] indicating that factors associated with early morbidity in these regions require investigation.
The sex ratio of the entire group was 2:1 (36M:18F) and a significant sex ratio variation in respect to age class was observed, with an increase of affected males in older age classes (χ 2 = 10.96; p=0.004). The age of males was significantly higher than in females, with a median of 6 years (range 3-14) vs. 4 years (2-9) (MannWhitney test, p=0.001). A positive correlation between median age per class and sex ratio per class was observed (Rho Spearman = ~1, p<0.01). Distortion of sex ratio in childhood cancer is a known finding, representing a classical risk factor; childhood cancers showing an adjusted-by-age sex ratio of 1.2, with nonHodgkin's lymphomas showing the highest sex ratio (3:1).
14 BL is more frequent in males, mainly in low risk areas like Europe, contrary to early African reports where males and females were almost equally affected while, in intermediate areas, sex ratio was found to be variable. 3, 9 In our patients, the positive correlation between sex ratio and age class was the same as the lower proportion of young males in high risk (endemic) areas. Interestingly, the opposite is not the case in the USA or the Middle East, 9, 15 indicating that global sex ratio estimates in endemic and sporadic areas do not represent the extremes of a single distribution. This reinforces the need to carry out genetic and environmental studies per age class to search for biological factors involved in age-specific risk in BL.
Clinical presentation
In 53 children with available clinical records, the abdomen was the most frequently involved region, accounting for the primary presentation in 38 cases (72%) ( Table 2 ). Analysis of 22 cases with available data on abdominal involvement showed 7 tumors (32%) localized in the intestinal wall while 15 (68%) occurred at other sites (meso/epiplon 5 cases; retroperitoneum 4; ovary 2; liver 1; stomach 1; and others sites 2 cases). One patient (2%) showed a mandibular primary involvement. Nodal presentation (11%) was observed mainly in older children. Twelve (23%) patients showed bone marrow involvement (6 cases with FAB L3-ALL). The central nervous system (CNS) was involved in 5 patients, 2 (4%) of whom were diagnosed as primary CNS-BL. Patients at advanced (III/IV) stages (75%) were younger than stage I/II patients (median 4.5 vs. 7 years; Mann-Whitney test, p=0.03). This seems to be a characteristic of Brazilian BL, 4, 5, 8 contrary to that observed in a large series in Kenya, where stages I/II were predominant in childhood BL. 16 Abdominal involvement was unrelated to age class, while in older patients, a trend of nodal involvement was evident (χ 2 =5.48; p=0.064). There was no association between clinical characteristics and sex.
Like sBL, our patients showed predominance of abdominal tumors in all age classes, intestinal involvement characteristic of sBL was observed only in approximately 32% of cases. This pattern of intra-abdominal involvement is in agreement with another study from Brazil. 8 The low frequency (2%) of head and neck tumors in our patients also agreed with other reports, showing the lowest world frequency of head and neck involvement despite the young age of affected children.
EBV association
EBV was detected in 61% of BL cases, and in 58% of the HIV -group. Remarkably, all HIV + children were also EBV + . The frequency of EBV association was intermediate between eBL (95%) and sBL (10-30%), 1, 4 predominantly of type 1 (Table 1) , as previously reported in Brazil. 5, 8, 17 In immunocompetent children, a significant association between EBV infection and lower age was observed (χ 2 =10.24; p=0.006) (Figure 1 A-B) . EBV + BL showed a median age of 4 years, against a median of 8 years in EBV-negative cases (Mann-Whitney test; p=0.002). A high frequency of EBV + BL in younger children was also observed in Northeastern Brazil, 8 reinforcing the need for further investigation of the relationship between low age of EBV seroconversion and BL risk in Brazil. In eBL, an early and severe EBV infection during the first months of life was shown to be a key event for subsequent BL development. 18 We could not assess the serological status of our patients. However, a study on EBV seroprevalence in healthy individuals from the same Brazilian region showed an intermediate curve of seroconversion age with respect to developed and underdeveloped countries. It also found an earlier EBV seroconversion in low-income groups and, interestingly, associated to low maternal literacy. 19 We also investigated LMP1 C-terminal deletion polymorphisms, the pathogenic role of which in EBV-associated lymphomas is controversial.
7 LMP1 nested-PCR resulted in a 175 bp, a 145 bp or a 106 bp amplified fragment for wild type, del30 or del69 variants respectively. Deletion variants were more frequent in BL (17/33, 52%) than in non-neoplastic controls (4/11, 36%) although the difference was not statistically significant (p=0.157). The del69 variant was detected in only one BL case. Our results in a large group of BL children do not support a pathogenic role of del30/del69 LMP1 variants in BL, which had been proposed for this region. 17 However, in a group of Hodgkin's lymphomas (HL) from our institution, a significant association of del30 variants with lymphoma cases was observed. 7 These differences may reflect the fact that LMP1 is expressed and therefore subjected to selection in HL but not in BL, in which EBV expresses a restricted pattern of gene expression (latency I). Children with AIDS-BL were younger than immunocompetent BL children, as expected from perinatal HIV infection, confirmed in 3 patients. All 4 cases were EBV + compared with 58% of HIV -cases, in agreement with EBV + AIDS-related pediatric lymphomas vs. 10% EBV + cases in immunocompetent BL from Argentina. 20 This differs from the 6/11 EBV + , AIDS-BL from the USA. 21 The scarcity of pediatric AIDS-BL reported to date does not allow us to determine whether these differences reflect characteristics of populations at risk or socio-geographically determined pathogenic factors, mirroring epidemiological patterns of AIDS-non-related BL. However, the high frequency of EBV association in AIDS-related and -unrelated young children with BL in this study suggested that EBV might play a pathogenic role in the development of BL in Brazil.
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